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The phagocytic activity of leukocytes in peripheral blood was investigated after 2, 24, and 48 hr; 1, 2, 4, and 8 weeks; and 6 and 12 months following
intraperitoneal administration of asbestos and basalt fibers to Wistar rats. Asbestos and basalt fibers differed in their effects on the parameters stud-
ied. Both granulocyte count and phagocytic activity of leukocytes during the 1-year dynamic follow-up in both dust-exposed groups of animals
changed in two phases, characterized by the initial stimulation of the acute phase |, followed by the suppression of the parameters in the chronic
phase Il. Exposure to asbestos and basalt fibers led, in phase Il, to impairment of the phagocytic activity of granulocytes. Asbestos fibers also signifi-
cantly decreased phagocytic activity of monocytes. Exposure to basalt fibers did not affect the phagocytic activity of monocytes in phase Il. Results
suggest that the monocytic component of leukocytes plays an important role in the development of diseases caused by exposure to fibrous dusts,
but basalt fibers have lesser biological effects than asbestos fibers. — Environ Health Perspect 102(Suppl 5):201-203 (1994)
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Introduction

Most of the experimental and clinical
investigations of the influence of exposure
to asbestos fibers on the defense mecha-
nism show disorders in immune balance,
with stimulation of humoral, and suppres-
sion of cellular immune response (I-4).
Because of the unfavorable fibrogenic and
carcinogenic effects of asbestos fibers, sub-
stitutes were introduced on the assumption
that they would have less serious biological
effects.

One basic defense mechanism of the
organism is phagocytosis, which plays an
important role in the process of asbestosis
itself (5). It is nonspecific, but it bears a
close relationship to the immune specific
reactions. “Professional phagocytes,” which
take part in the defense processes, are neu-
trophilic polymorphonuclear leukocytes
and mononuclear phagocytes ().

Asbestos fibers inhaled into the deepest
parts of the lungs—alveoli—damage alveo-
lar macrophages, leading to the release of
lysosomal enzymes, which may damage the
surrounding functional tissues. Various fac-
tors and active mediators released from
macrophages initiate defense reactions in
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the organism at the level of humoral and
cellular immunity. They also stimulate
fibroblasts to produce fibrous tissue, and in
this way they participate in the develop-
ment of lung fibrosis. Fibrosis, as a form of
diffuse interstitial scarring, develops in
lung epithelial cells and predisposes the tis-
sue to malignant transformation (6,7).
The aims of the work reported here
were to elucidate the mechanisms by which
asbestos and basalt fibers produced changes
of phagocytic activity of the leukocytes and
to compare the changes caused by exposure
to basalt fibers with those caused by
asbestos on the defense mechanism.

Materials and Methods

Asbestos dust—chrysotile—was adminis-
tered intraperitoneally in a dose per animal
of 20 mg/2 ml of physiological solution
(mean length of fibers, 14.01 pm and
diameter, 0.84 pm) to 10 Wistar rats.
Basalt fiber dust at a dose of 50 mg/2 ml of
physiological solution per animal (mean
length of fiber, 57.1 pm and diameter,
3.74 pm) was administered intraperi-
toneally to another group of 10 rats. The
dose ratio of 1:2.5 was chosen since the
fiber content of basalt dust is lower than
that of asbestos dust.

Phagocytic activity of leukocytes of the
peripheral blood following dust-exposure
was observed in the exposed animals after
2, 24, and 48 hr; 1, 2, 4, and 8 weeks; and
6 and 12 months. A control group con-
sisted of similar unexposed rats. Blood
samples were taken from the tail vein.

Phagocytic activity of leukocytes was
determined by the method of Fornusek et
al. (8) using 2-hydroxyethylmetacrylate
particles (HEMA). To 100 pl of freshly
heparinized blood, 50 pl of HEMA parti-
cles in phosphate buffer (PSB) were added
and incubated for 60 min at 37°C and
shaken at short intervals. Staining was per-
formed by May-Grunwald-Giemsa method.
Cells were considered positive when they
phagocytized three or more particles.

The four parameters measured were
number of granulocytes from 100 leuko-
cytes, percentage of phagocytic cells from
the leukoycytes, percentage of phagocytic
granulocytes, and percentage of phagocytic
monocytes. Results were evaluated with the
Students z-test and compared with the
control group (7 = 20).

Results
Number of Granulocytes

In animals exposed to asbestos, the num-
ber of granulocytes significantly increased
after 2 hr compared with the controls.
From then to week 8, the number of gran-
ulocytes fell steadily to the level of the
controls, then increased significantly until
the end of the experiment. In the animals
exposed to basalt fibers, the number of
granulocytes followed a similar pattern.
Significant increases of number of granu-
locytes were observed up to week 8; but at
6 and 12 months, values similar to those
of the control animals were recorded
(Figure 1).
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Percentage of Phagocytizing Cells

The percentage of the phagocytic cells
(granulocytes and monocytes) in rats
exposed to asbestos increased significantly
up to 48 hr as compared with the control
group. From the first week until the end of
the year, the values remained statistically
significantly below the level of the values of
control animals. In the rats treated with
basalt, the percentage of phagocytizing cells
increased up to week 8, but from then on
they fell below the level of control group
(Figure 2).

Percentage of Phagocytizing
Granulocytes

Up to 48 hr postexposure, the percentage
of phagocytic granulocytes in the asbestos-
treated group was significantly increased
compared with the controls. Thereafter,
the percentage fell below the level of the
control group and remained statistically
significantly lower until the end of the
experiment. The results for animals
exposed to basalt fibers were similar, but
the percentage of phagocytic granulocytes
decreased significantly after the first week
and the decrease, although not so sharp as
that observed in the asbestos-treated rats,
was apparent until the end of the experi-
ment (Figure 3).

Percentage of Phagocytizing
Monocytes

The percentage of the phagocytic mono-
cytes in the rats exposed to asbestos was
significantly increased after 2 hr compared
with control values, but after 24 and 48 hr
the values were identical with those in the
control group. Thereafter, the percentages
were statistically significantly lower than
the control values, except at 6 months,
when the levels were the same. The per-
centage of phagocytic monocytes in ani-
mals exposed to basalt fibers was higher
than the control values up to the 8th week.
After 6 months the values were similar to
those in the control group, but after
12 months the values had fallen below the
level of the controls (Figure 4).

The results may be summarized as fol-
lows: Phagocytic activity of granulocytes
and monocytes changed in both asbestos-
and basalt-treated rats during the year fol-
lowing treatment, displaying a two-phase
course: an initial increase (phase I) fol-
lowed by a decrease below the average val-
ues in the control animals (phase II). This
two-phase course was found in the phago-
cytic activity of the granulocytes, in the
total phagocytic activity (granulocytes and
monocytes) in both exposed groups of ani-
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Figure 1. Number of granulocytes per 100 leukocytes.
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Figure 2. Percentage of phagocytizing cells per 100 leukocytes.
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Figure 3. Percentage of phagocytizing granulocytes.
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PHAGOCYTIC ACTIVITY OF LEUKOCYTES AFTER EXPOSURE TO ASBESTOS
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Figure 4. Percentage of phagocytizing monocytes.

animals, and in the phagocytic activity of
the monocytes in the asbestos-exposed
group. Decrease of the phagocytic activity
in phase II was more apparent in the
asbestos-treated rats. Phagocytic activity of
monocytes was different in the asbestos-
and basalt-treated groups.

In the asbestos-treated rats the values
of the phagocytic activity of monocytes
were statistically significantly lower than
the controls throughout most of the exper-
iment, while in the basalt fiber-treated rats
the values of the phagocytic activity of
monocytes in phase II of the experiment
were similar or greater than those found in
the control animals. These values
decreased only at the end of the experi-
ment.
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Discussion

An increase in the number of granulocytes
as early as 2 hr after application of asbestos
and basalt fibers may indicate early irrita-
tion and rapid onset of inflammation. The
first leukocytes to appear in the site of
inflammation are polymorphonuclear
leukocytes (PMNL), which contain all
microbicidal and degrading agents and
enzymes and are thus capable of acting
immediately (1, 9,10).

Both the total phagocytic activity and
that of granulocytes exhibited two
phases—an acute phase I, in which activity
increased; and a chronic phase II, in which
the phagocytic activity in both treated
groups was suppressed. This suppression of
phagocytic activity of granulocytes and

monocytes in peripheral blood after expo-
sure to asbestos fibers indicated impair-
ment of defense ability, which may
correspond to the onset of pathological
processes. In contrast, phagocytic activity
of monocytes in the basalt-treated rats was
close to, or significantly higher than, the
control values throughout the year.

Based on the different effects of asbestos
and basalt fibers on the phagocytic activity
of the monocytes of peripheral blood in
phase II, we assume that the monocytic
fraction of leukocytes plays a significant role
in the etiology of the diseases caused by
asbestos exposure. This may be analogous
to the way the alveolar macrophages behave
in the organism, after asbestos fibers are
inhaled. They, too, participate in the devel-
opment of inflammation and influence
immune processes in the lungs.

These experimental results and our own
and other authors’ findings from examina-
tions of people exposed to asbestos show
that asbestos fibers have a toxic effect
directly on leukocytes (granulocytes,
monocytes, alveolar macrophages) and that
they indirectly influence the immune sys-
tem. The mechanism of the effect of basalt
fibers seems different; it results from lower
resistance of “substitute” fibers to the
defensive reaction to foreign bodies.
Analyses of histological pictures of these
fibers broken to fragments and surrounded
by giant cells and macrophages have been
reported (11). These mechanisms would be
sufficient to control the situation, so that
no humoral or cellular defensive reactions
would be necessary.
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